Many systemic diseases affect oral health. The aim of this research was to conduct a systematic review on the association between dental erosion (DE) and gastroesophageal reflux disease (GERD) and the effect of saliva's flow rate, buffering capacity and oral microbial changes caused by GERD. All descriptive, analytical studies up to December 2011 that have relevant objectives, proper sampling method and sufficient results were included by searching PubMed and Scopus electronic data bases. Fifteen studies were selected according to our inclusion criteria (10 in adult and 5 in children population). There was a strong association between DE and GERD in the adult population, and the relationship in the children population was found to be of less importance. Early diagnosis and treatment of refluxed acid in both age groups through lifestyle changes and medications can prevent further damage and tooth loss.
INTRODUCTION
Many systemic diseases such as AIDS, graft-versushost disease, leukemia, and diabetes mellitus may primarily manifest themselves in the oral cavity. Yet, many systemic diseases affect oral health in indistinct ways and, thus, the oral cavity remains an often underestimated window on manifestations of these diseases. [1] One example is gastroesophageal reflux disease (GERD). Classic reflux symptoms are not always present in patients with GERD. A significant number of patients with GERD present atypical or extraesophagael symptoms [2] such as dental erosion (DE) . [1] The relationship between the GERD and DE has been first reported first by Howden et al. [3] However, only in the last decade this subject has been more intensively studied. Myllarniemi and Saario [4] stated that, tooth erosions may even be a diagnostic sign for previous acid reflux. DE is an important cause of tooth damage both in children and in adults. [5] It can be defined as a chemical dissolution of tooth substances by noncariogenic acids with multifactorial etiology. [6, 7] The outcome of premature loss of tooth tissues may result in dentin hypersensitivity, pulpal irritation, and the need for long and expensive restorative treatment. [8] The extent of teeth damage may range from a barely noticeable enamel lesion to the partial or complete exposure of dentine with its characteristic yellow color through the thinned overlying enamel. [9, 10] DE is caused by the presence of intrinsic and extrinsic acid of non-bacterial origin in the mouth, combined or separately. [11] Intrinsic causes of acid are known to be regurgitation, vomiting, GERD or rumination. Extrinsic sources of acid are mostly dietary acids, and a number of Medications. [12, 13] As stated in the recently published Montreal Criteria, dealing with a global classification of GERD: 'The prevalence of DEs, especially on the lingual and palatal tooth surfaces, is increased in patients with GERD. [14] Examination of the oral cavity, in search for 'atypical' DEs, should be an integral part of the physical examination of the patient with suspected GERD. [15] On the other hand, other authors have denied, at least in children, that DEs may represent a relevant problem in GERD patients. [16] The poor buffering capacity of saliva in patients with GERD in conjunction with the higher prevalence of tooth wear in this group of people might suggest that saliva may play an important role in tooth wear. [17] The aim of this systemic review was to analyze the association between DE and GERD and the effect of flow rate, buffering capacity of saliva, and oral microbial changes caused by GERD on the severity of the lesions. In addition, this review provides background knowledge for oral health track of the "Study on the Epidemiology of Psychological, Alimentary Health and Nutrition" (SEPAHAN). [18] The data of this study will determine the impact of masticatory dysfunction and oral health on GERD and functional gastrointestinal disorders and will be published later by the same study group.
MATERIALS AND METHODS

Search strategy
For electronic searching we used "GERD", "DE", "oral health" as keywords for title and abstracts in MeSH word search. References of each article were also reviewed.
Electronic databases
This review study has been searched up to 31 December 2011 in PubMed, Scopus, and Cochrane library for systematic reviews by searching mentioned keywords in various combinations. Three hundred and three studies were found by searching in PubMed. 
Inclusion criteria
Inclusion criteria were limited to the journal articles in human, clinical trials, cohort, review, and case-control studies in English language. Ninety two studies were selected first based on title, of these, 31 articles were chosen by abstract outlined in Figure 1 . Finally, 12 articles were selected based on full text; and the additional search through cross-references resulted in three more citations. This left a total of 15 studies [ Figure 1 ]. [5, [15] [16] [17] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] 
Data extraction
For data extraction, we designed a check lists, regarding DE and GERD including: Author, year, country, sample size, study design, method of data collection, and definition of extra-oesophageal symptom and main results of each study [ Table 1 ].
RESULTS
The PubMed, Scopus searches identified 303 articles, of these 211 articles were excluded based on title. A further 61 more were excluded based on abstract and finally 12 articles were selected based on full texts and inclusion criteria, an additional 3 more articles were added by search through cross-references. This left a total of 15 eligible studies. [5, [15] [16] [17] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] 
Studies carried out on adults
Overall 10 original studies were found on adults, [5, 15, 17, [19] [20] [21] 23, 25, 27, 29] of these 3 studies reported significant association between DE and GERD. [19, 21, 23] The study conducted by Schroeder et al. [15] had both a dental group, which was screened for GERD, and a gastroenterological group, referred for dental evaluation with a prevalence of 83% DE. [23] 2005 Nigeria Case-control 225 Adults Esophagogastroendoscopy
Smith and Knight
The prevalence of erosion was found to be statistically significant between GORD patients (16%) and control (5%) (P<0.05) Moazzezs [17] 2004 UK Case-control 104 Adults Oesophageal manometry
Patients with symptoms of GORD and those subsequently diagnosed with GORD and higher total and palatal tooth wear (P<0.05) Gregory-Head [19] 2000 USA Crosssectional 46 Adults Oesophageal manometry
GERD had higher tooth wear index scores cpmpared with control subjects (P=0.004) Bartlett [25] 1998 UK Case-control 36 Adults 24-h oesophageal pH-metry
Not stated
These results show that GERD is strongly associated with palatal erosion Schroeder [15] 1995 USA Crosssectional 42 Adults 24-h oesophageal pH-metry
Diagnosed by dentist
DE is a common finding in patients with GERD Meurman [29] 1994 Finland Crosssectional 117 Adults Esophagogastroduodenoscopy
Eccles and Jenkins
28 out of 117 had dental erosion Jarvinen [5] 1991 Finland Crosssectional 109 Adults Clear-cut endoscopic
Seven patient with DE were found and they all came from the group of 35 dental patients with gastroscopy Gudmundsson [20] 1995 [28] 2006 Turkey Case-control 80 Children 24-h oesophageal pH-metry
The prevalence of DE and the salivary yeast and MS colonization in GERD children was found to be significantly higher than for healthy subjects (P<0.05) Dahshan [26] 2002 USA Cohort Meurman et al. [29] investigated the occurrence of DE in patients with long-term reflux disease. Fede et al. [27] could not find any relationship between DE and GERD.
Gregory-Head et al. [19] studied 20 patients, 10 subjects were diagnosed with GERD and 10 subjects had manometry scores below the level indicating GERD. Overall, subjects diagnosed with GERD had significantly higher tooth wear index (TWI) scores compared with control subjects (mean difference=0.6554; P=0.004).
Jarvinen et al. [5] studied the oro-dental status, particularly DE in 109 patients with upper gastrointestinal symptoms. Seven patients with DE were found and they all came from the group of 35 patients with reflux esophagitis or duodenal ulcer. There was no direct association between the frequency of regurgitation symptoms and the severity of erosive lesions.
Moazzez et al. [17] investigated tooth wear, stimulated salivary flow rate (SFR) and buffering capacity and symptoms of GERD in 100 patients. Patients with symptoms of GERD and those subsequently diagnosed with GERD had higher total and palatal tooth wear (P<0.05).
Oginni et al. [23] studied a total of 225 subjects (100 volunteers and 125 patients diagnosed with GERD), of these 20 patients with GERD presented with DE in the maxillary anterior teeth with TWI scores ranging from 1-3. The prevalence of erosion was found to be statistically significant between GERD patients (16%) and controls (5%) (P<0.05).
Bartlett et al. [25] concluded that, GERD is strongly associated with palatal erosion and the patients with palatal DE should be assessed for GERD as a possible cause, even in the absence of clinical symptoms of reflux.
Holbrook et al. performed a study involving 249
Icelandic individuals and significant associations were found between tooth erosion and acid reflux. [21] Gudmundsson et al. [20] found no changes in oral pH in a total of 339 acid reflux episodes, not even in long supine reflux episodes. Extended periods of lowered intra-oral pH to the level of 4 to 5 were observed, but not connected with gastroesophageal reflux episodes.
Studies carried out on children
A total of 5 studies were found regarding children [16, 22, 24, 26, 28] with a prevalence of DE ranging from 14% to 83% in GERD patients. While 2 studies indicated that DE may not be as great problem in children with GERD as it is in adults. [16] Three studies showed statistically significant higher DE in GERD patients. [22, 26, 28] Ersin et al. [28] investigated stimulated SFR and buffer capacity, and salivary Streptococcus mutans, lactobacilli, and yeast colonization. The prevalence of DE and the salivary yeast and Streptococcus mutans colonization in GERD children was found to be significantly higher than healthy individuals (P<0.05).
Influence of saliva
Jarvinen et al. [5] reported that the mean salivary secretion rate and pH were normal in patient and control groups, while salivary buffer capacity was lower in patients. There were no particular differences in the salivary microbial counts among the both groups.
Meurman et al. [29] reported that salivary analyses showed no statistically significant difference observed in the mean values between the 2 patient groups. The number of patients with low buffering capacity, however, was relatively high in GERD patients. Moazzez et al. [17] showed greater buffering capacity of the stimulated saliva in control subjects than patients with symptoms of GERD (P<0.001). The prevalence of erosion by teeth was found to be statistically significant between GERD patients (P<0.05) Sullivan [16] 1998 UK Crosssectional 53 Children Oesophageal manometry
Self designed index
The prevalence of DE was low and DE may not be as great a problem in children with GERD as it is adults www.mui.ac.ir There were no statistical significant differences for the stimulated SFR.
DISCUSSION
The lowest prevalence of DE in GERD in adults was reported in studies conducted by Jarvinen et al. [5] and Fede et al. [27] with a percentage of 5% and 9%, respectively. Other studies showed a prevalence of 63%. [15, 19, 20, 23, 25] The severity of DE may depend on the frequency of regurgitation and duration of the gastro-esophageal reflux. [23] This is in contrast with the findings of Jarvinen et al. [5] Of the 5 studies regarding children population, Wild et al. [16] and O'sullivan et al. [24] showed no difference in the prevalence of DE in children with and without GERD. In contrary, a high prevalence of 76% and 87% of DE was reported by others. [28, 30] The difference in results among the studies may be due to differences in age and sample sizes. The differences in subject ages, and the relative lengths of time of exposure of the gastric acid may also account for the differences. [22] It is also possible that, some of the very early lesions of erosion are difficult to diagnose. [22] Saliva is considered one of the major protective mechanisms against gastric reflux and its qualitative and quantitative abnormalities has been linked to GERD pathogenesis. [31, 32] In 5 of the studies reviewed low buffering capacity with normal flow rate in GERD patients was reported. [5, 17, 20, 21, 29] None of the studies reviewed, supported the study conducted by Wöltgens et al. [33] stating that DE may be associated with a reduced saliva flow. [5, 17, 20, 21, 29] Out of the 15 articles reviewed, only 2 had examined microbial changes in their studies. [22, 28] In the study conducted by Ersin et al. [28] the prevalence of salivary yeast and Streptococci mutans colonization in GERD children was found to be significantly higher than healthy subjects (P<0.05). According to the reports of the study carried out by Linnet et al. [22] there were more subjects with Streptococci mutans in GERD patients, although the difference was not statistically significant.
Various methods have been used in the investigations of GERD, 9 studies, [15] [16] [17] [19] [20] [21] 24, 25, 28] used 24 h esophageal pH monitoring which is considered to be the gold standard investigation of GERD, [23] 4 used endoscopy, [5, 23, 26, 29] and one study [27] used both methods for the determining the reflux symptoms.
Our study limitations were as followed: 1. We looked for relevant articles only in PubMed and Scopus which may cause some restriction in the articles found. 2. We narrowed our keywords in order to focus on the prevalence of DE in GERD, and overlooked the rest of the variables in association with GERD.
According to the present review, GERD and DE in adults are strongly associated. However, this association is not very strong in young population.
Early diagnosis and treatment of refluxed acid, through lifestyle changes and medications can prevent further damage and tooth loss. The primary care physician and the gastroenterologist should pay more attention to the oral examinations and diagnosis of DE.
